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ALIGNMENT MARK AND DEFECT 
INSPECTION METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to an alignment mark, and more 

particularly, to an alignment mark fabricated by ion implan 
tation processes and defect inspection forusing the alignment 
mark. 

2. Description of the Prior Art 
Semiconductor integrated circuits undergo a variety of pro 

cessing steps during manufacture, such as masking, resist 
coating, etching, and deposition. In many of these steps, 
material is overlaid or removed from the existing layer at 
speci?c locations in order to form the desired elements of the 
integrated circuit. Proper alignment of the various process 
layers is therefore critical. 

Registration is typically used to measure layer-to-layer 
alignment accuracy for a semiconductor process. Registra 
tion involves comparing a position of a subsequent layer to a 
position of an existing layer by overlaying a distinct pattern 
on a matching pattern that is previously formed on the exist 
ing layer. At least an alignment mark is formed in the distinct 
pattern and the matching pattern. A distance betWeen the 
alignment mark in the subsequent layer and the alignment 
mark in the existing layer provides a measure of misalign 
ment betWeen these tWo layers. Currently available registra 
tion structures include Box-in-Box visual vemiers and Bar 
in-Bar visual vemiers to determine the extent of registration, 
i.e., the amount of alignment offset. 

HoWever, With the shrinking dimensions of modern inte 
grated circuits, multi-layer structure is developed for a chip. 
For a three-layer structure or a more complicated structure, a 
plurality of layer-to-layer alignment and defect inspection is 
commonly performed. For instance, an optical defect inspec 
tion is performed on the Wafer, and an electrical defect inspec 
tion is performed thereafter. Results from the defect inspec 
tion are then examined and compared according to defect map 
generated during the defect inspection. HoWever, as different 
types of defect inspection use different coordinates, offset 
issue often arise from the values generated from the defect 
inspection and result in poor overlap sensitivity from layer 
to-layer. 

SUMMARY OF THE INVENTION 

It is an objective of the present invention to provide an 
alignment mark and a defect inspection method for utiliZing 
this alignment mark for improving alignment offset issue 
during a defect inspection. 

The defect inspection method of the present invention pref 
erably includes the steps of: performing a ?rst defect inspec 
tion by a ?rst type defect inspection system by aligning to an 
alignment mark on a Wafer as a reference point for the ?rst 
defect inspection; performing at least one fabrication process 
to the Wafer; and performing a second defect inspection by a 
second type defect inspection system by aligning to the align 
ment mark on the Wafer as a reference point for the second 
defect inspection. 

Another aspect of the present invention discloses an align 
ment mark for defect inspection. The alignment mark 
includes: a semiconductor substrate; a ?rst type Well disposed 
in the semiconductor substrate; a second type doping region 
disposed in the ?rst type Well; a dielectric layer disposed on 
the semiconductor substrate to cover the ?rst type Well and 
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2 
the second type doping region; and a plurality of conductive 
plugs formed in the dielectric layer for connecting to the 
second type doping region. 

These and other objectives of the present invention Will no 
doubt become obvious to those of ordinary skill in the art after 
reading the folloWing detailed description of the preferred 
embodiment that is illustrated in the various ?gures and draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a cross-sectional vieW of an alignment 
mark according to a preferred embodiment of the present 
invention. 

FIG. 2 illustrates a top vieW of a T-shaped alignment mark 
according to an embodiment of the present invention. 

FIG. 3 illustrates a top vieW of a L-shaped alignment mark 
according to an embodiment of the present invention. 

FIG. 4 illustrates a top vieW of a cross-shaped alignment 
mark according to an embodiment of the present invention. 

FIG. 5 illustrates a top vieW of a cross-shaped alignment 
mark shoWing array of contact plugs according to an embodi 
ment of the present invention. 

DETAILED DESCRIPTION 

Referring to FIG. 1, FIG. 1 illustrates a cross-sectional 
vieW of an alignment mark 40 according to a preferred 
embodiment of the present invention. As shoWn in FIG. 1, a 
semiconductor substrate 42, such as a silicon Wafer is pro 
vided. An ion implantation process is performed by implant 
ing n-type dopants into the semiconductor substrate 42 to 
form a n— Well 44. Another ion implantation process is fol 
loWed thereafter to implant p-type dopants into the n— Well 44 
for forming a p+ doping region 46 With shalloWer depth. 
A dielectric layer 48 is formed on the semiconductor sub 

strate 42 to cover the n— Well 44 and the p+ doping region 46. 
In this embodiment, the dielectric layer 48 is preferably com 
posed of dielectric material such as oxides, carbides, nitrides, 
loW-k dielectric material, or combination thereof. A patterned 
photoresist (not shoWn) is then formed on the dielectric layer 
48, and an etching process is conducted thereafter by using 
this patterned photoresist as mask to form a plurality of con 
tact holes (not shoWn) in the dielectric layer 48, in Which the 
contact holes preferably exposes the surface of the p+ doping 
region 46. Next, a sputtering or electroplating process is 
performed to deposit at least one metal into each contact hole 
to form a plurality of contact plugs 50. Preferably, the contact 
plugs are composed of conductive material such as titanium, 
titanium nitride, tungsten, tantalum, tantalum nitride, alumi 
num, copper, or combination thereof. This completes the 
fabrication of an alignment mark 40. Preferably, the metal 
interconnects disposed above the contact plugs 50, including 
the ?rst metal layer (not shoWn), the ?rst via hole (not shoWn), 
the second metal layer (not shoWn), and the second via hole 
(not shoWn) could all be used for fabricating required pat 
terns. For instance, the ?rst metal layer could be fabricated 
into the pattern of alignment mark, and the ?rst via hole could 
be the array of the contact plug 50, Which are all Within the 
scope of the present invention. 

It should be noted that the alignment mark 40 is speci?cally 
formed in combination With a typical semiconductor transis 
tor fabrication process. For instance, the n— Well 44 of the 
alignment mark 40 could be fabricated at the same time as the 
n— Well of a PMOS transistor, and the p+ doping region 46 of 
the alignment mark 40 could be fabricated at the same time as 
the source/ drain region of the PMOS transistor is formed. 
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Thereafter, a portion of the polysilicon layer disposed in the 
alignment mark region is etched aWay While the gate structure 
of the MOS transistor is formed, and a dielectric layer 48 is 
deposited on the n- Well 44 and the p+ doping region 46 While 
the interlayer dielectric layer is formed on the MOS transistor 
region. A plurality of contact plugs 50 is also formed in the 
alignment mark region While the contacts of the MOS tran 
sistor is fabricated, in Which the contact plugs 50 Would be 
electrically connected to the p+ doping region 46 directly, 
thereby forming a top-doWn conductive structure. The align 
ment mark 40 is preferably formed on the scribe line of a 
Wafer. However, the position of the alignment mark 40 could 
also be adjusted according to the demand of the fabrication 
process, such as formed in the corner of a die, Which is also 
Within the scope of the present invention. 

It should also be noted that the shape of the alignment mark 
40 is preferably determined by the position of the PN junc 
tion. For instance, the present invention could control the 
amount of n-type and p-type dopants being implanted in the 
substrate as Well as the distributing region of the implanted 
dopants While forming the n- Well 44 and the p+ doping 
region 46, thereby forming a PN junction of different shapes. 
Referring to FIGS. 2-5, FIGS. 2-5 illustrate a top vieW of the 
alignment mark 40 according to different fabrication pro 
cesses. As shoWn in FIGS. 2-5, While the ion implant for the 
PN junction and the source/drain region is conducted, the 
present invention could control the location of the implanted 
dopants by adjusting the layout of the photomask, such that 
the alignment mark 40 Would present a pattern With at least 
tWo axis, such as tWo rectangular patterns standing along the 
x-axis and the y-axis, or a pattern includes at least a right 
angle, such as a T-shaped alignment 52 shoWn in FIG. 2, a 
L-shaped alignment mark 54 shoWn in FIG. 3, or a cross 
shaped alignment mark 56 shoWn in FIG. 4. Additionally, an 
alignment mark having a pattern surrounding the array of the 
contact plugs 50 is also revealed, such as the alignment mark 
56 shoWn in FIG. 5. 

After the alignment mark 40 is formed, an electrical defect 
inspection system and an optical defect inspection system 
could be used for inspecting the alignment mark 40 for same 
fabrication level or different fabrication level of the process. 
Preferably, the electrical defect inspection system includes an 
e-beam inspection apparatus and the optical defect inspection 
system includes an optical inspection apparatus provided by 
KLA-Tencor Corp. 

While using an e-beam inspection apparatus to inspect the 
defect, the con?guration of the alignment mark 40 is deter 
mined by using inspection equipment to sense the contrast 
betWeen the contact plugs 50 and the dielectric layer 48. As a 
PN junction composed of an n- Well 44 and a p+ doping 
region 46 is formed in the semiconductor substrate 42, the 
region inspected by electronic beam Would reveal a bright 
state as a result of voltage contrast caused in the PN junction, 
thereby providing a more pronounced indication of the align 
ment mark 40 during the defect inspection process. 

According to an embodiment of the present invention, a 
defect inspection could be conducted by utiliZing the afore 
mentioned alignment mark. For instance, after a Wafer is 
provided, an alignment mark is fabricated by using the afore 
mentioned process on the scribe line of the Wafer. Next, a ?rst 
defect inspection is conducted by using an optical defect 
inspection system to align the alignment mark for forming a 
reference point and generating a ?rst defect map according to 
the coordinates of this reference point. Preferably, the optical 
defect inspection system utiliZed in this embodiment is an 
optical inspection apparatus provided by the KLA-Tencor 
Corp. 
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4 
After the ?rst defect inspection is conducted, a semicon 

ductor fabrication process is conducted on the Wafer, in Which 
the fabrication process may be selected from etching process, 
lithography, CMP process, implantation process, cleaning 
process, material forming process or combination thereof. A 
second defect inspection is then conducted by using an elec 
trical defect inspection system to align the aforementioned 
alignment mark for forming another reference point and gen 
erate a second defect map according to the coordinates of the 
reference point. The ?rst defect map generated from the ?rst 
defect inspection is then compared With the second defect 
map generated from the second defect inspection to deter 
mine corresponding defects for further analysis. 

In other Words, the ?rst defect inspection and second defect 
inspection of the present invention preferably uses at least tWo 
types of defect inspection systems to align the alignment 
mark. As the tWo defect inspection both uses the same align 
ment mark to form reference point, the offset issue of the 
coordinates of same defect at different material layer is sig 
ni?cantly improved. According to a preferred embodiment of 
the present invention, the defect inspection of the present 
invention is able to increase the overlap sensitivity to approxi 
mately one micron. 

It should be also noted that the aforementioned embodi 
ment speci?cally conducts an optical defect inspection prior 
to an electrical defect inspection. HoWever, the order of per 
forming Which type of defect inspection could be adjusted 
according to the demand of the fabrication. For instance, the 
electrical defect inspection system could also be used to per 
form the ?rst defect inspection, and the optical defect inspec 
tion is used thereafter to perform the second defect inspec 
tion, Which are all Within the scope of the present invention. 

Overall, the present invention ?rst uses ion implantation to 
form an n- Well and a p+ doping region in a semiconductor 
substrate, and forming a dielectric layer on the n- Well and the 
p+ doping region and a plurality of conductive plugs in the 
dielectric layer. The contact plugs preferably penetrates the 
dielectric layer to contact the p+ doping region directly 
thereby forming a top-doWn conductive alignment mark. As 
the shape of the alignment mark is determined by the distri 
bution of the PN junction, the present invention could control 
the amount and relative location of n-type and p-type dopants 
implanted into the substrate While forming the n- Well and the 
p+ doping region, thereby fabricating an alignment mark With 
desired shape. 

According to an embodiment of the present invention, the 
aforementioned alignment mark could also be applied in a 
defect inspection process, in Which a ?rst defect inspection is 
performed by aligning the alignment mark on the Wafer as a 
reference point and a second defect inspection is performed 
thereafter by using the same alignment mark to form another 
reference point. As the same alignment mark is used for 
forming the reference point of each defect inspection, align 
ment offset issue of the coordinates of same defect at different 
material layer is improved signi?cantly. 

Those skilled in the art Will readily observe that numerous 
modi?cations and alterations of the device and method may 
be made While retaining the teachings of the invention. 

What is claimed is: 
1. A defect inspection method, comprising: 
performing a ?rst defect inspection by a ?rst type defect 

inspection system by aligning to an alignment mark on a 
Wafer as a reference point for the ?rst defect inspection; 

performing at least one fabrication process to the Wafer; 
and 
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performing a second defect inspection by a second type 
defect inspection system by aligning to the alignment 
mark on the Wafer as a reference point for the second 
defect inspection. 

2. The defect inspection method of claim 1, Wherein the 
?rst inspection is optical and the second inspection is electri 
cal. 

3. The defect inspection method of claim 1, Wherein the 
fabrication process is selected from etching process, lithog 
raphy, CMP process, implantation process, cleaning process, 
material forming process or combination thereof. 

4. The defect inspection method of claim 1, Wherein the 
alignment mark comprises at least one right angle. 

5. The defect inspection method of claim 1, Wherein the 
alignment mark is a T-shaped alignment mark. 

6 
6. The defect inspection method of claim 1, Wherein the 

alignment mark is a L-shaped alignment mark. 
7. The defect inspection method of claim 1, Wherein the 

alignment mark is a cross-shaped alignment mark. 
8. The defect inspection method of claim 1, Wherein the 

?rst defect inspection further comprises obtaining a ?rst 
defect map. 

9. The defect inspection method of claim 8, Wherein the 
second defect inspection further comprises obtaining a sec 
ond defect map. 

10. The defect inspection method of claim 9, further com 
prising comparing the ?rst defect map and the second defect 
map. 


